Dear Editor,

Currently, the association of patients' sex with survival benefit of immune checkpoint inhibitor (ICI) is being actively investigated, but inconsistent results have been produced. A meta‐analysis[^1^](#ctm292-bib-0001){ref-type="ref"} reported that male patients had significantly lager overall survival (OS) benefits from ICI versus control treatment than did female patients. However, an updated meta‐analysis[^2^](#ctm292-bib-0002){ref-type="ref"} found no significant difference in OS between sexes. This conflict indicated that the sex‐related effects on ICI efficacy involved complex and unknown elements of tumor microenvironment.

The phase III KEYNOTE‐024 trial[^3^](#ctm292-bib-0003){ref-type="ref"} enrolled cancer patients with PD‐L1 expression on at least 50% tumor cells and found a strikingly improved OS benefit with ICI compared with chemotherapy in male but only a minimal improvement in female. However, neither male nor female had significant OS benefit from ICI over chemotherapy in some trials recruiting cancer patients with a lower PD‐L1 expression threshold (≥1%).[^4^](#ctm292-bib-0004){ref-type="ref"}, [^5^](#ctm292-bib-0005){ref-type="ref"} Therefore, we hypothesize that PD‐L1 expression has essential impact on the clinical usefulness of sex. This study, based on a post hoc analysis of prospective individual patient data from five clinical trials including OAK, POPLAR, IMvigor210, KEYNOTE‐001, and CheckMate‐012, and a meta‐analysis of nine randomized controlled trials (RCTs), is the first to clarify the sex‐related difference in ICI efficacy by using PD‐L1 expression (Figure [1A](#ctm292-fig-0001){ref-type="fig"}). We further evaluated the landscape of tumor immune microenvironment to explore potential factors underpinning this difference. Full methods were described in the Supporting Information Methods. Characteristics and references of included trials and patients were described in the Supporting Information Result 1 and Tables S1 and S2.

![Individual patient‐level analysis of overall survival in male versus female. A, Overview of study design. B and C, ICI‐treated patients with PD‐L1 expression \<1% and ≥1%, respectively. D and E, Chemotherapy‐treated patients with PD‐L1 expression \<1% and ≥1%, respectively. ICI, immune checkpoint inhibitor; HR, hazard ratio; CI, confidence interval; PD‐L1, programmed‐death ligand 1; TME, tumor microenvironment; TMB, tumor mutation burden; NAB, neoantigen burden](CTM2-10-e92-g001){#ctm292-fig-0001}

The individual‐patient level analysis of OAK, POPLAR, and IMvigor210 trials showed that for patients receiving ICI, there was no significant difference in OS between male and female (HR 0.85, 95% CI 0.72‐1.02; *P *= .073; Figure S2A). However, stratified by PD‐L1 expression of 1%, OS for patients with PD‐L1 expression \<1% was significantly longer for female compared with male (HR 0.58, 95% CI 0.42‐0.80; *P *\< .001), but OS for patients with PD‐L1 expression≥1% did not significantly differed between the sexes (HR 1.01, 95% CI 0.79‐1.29; *P *= .910) (Figure [1B,C](#ctm292-fig-0001){ref-type="fig"} and Table S3).

Results were consistent stratified by PD‐L1 expression of 50%. Overall survival was significantly longer for female than for male at PD‐L1 threshold of \<50% (HR 0.76, 95% CI 0.61‐0.95; *P *= .013), but OS did not significantly differ between the sexes at PD‐L1 threshold of 1--49% (HR 0.76, 95% CI 0.52‐1.13; *P *= .173) or ≥50% (HR 0.64, 95% CI 0.31‐1.33; *P *= .231) (Figure S2B‐D and Table S3). When examining chemotherapy, sex was not associated with OS regardless of PD‐L1 expression (see details in Supporting Information Results 2, Figure [1D‐E](#ctm292-fig-0001){ref-type="fig"}, and Figure S3).

The individual‐patient level analysis of POPLAR and OAK trials found that ICI improved OS compared with chemotherapy in both female (HR 0.67, 95% CI 0.53‐0.84; *P *\< .001) and male (HR 0.74, 95% CI 0.62‐0.88; *P* \< .001) (Figure S4A,B). However, among patients with PD‐L1 expression \<1%, the benefit from ICI versus chemotherapy was significantly different in female (HR 0.57, 95% CI 0.38‐0.85; *P *= .006; Figure [2A](#ctm292-fig-0002){ref-type="fig"}), but there was no significant difference between the two treatments in male (HR 0.93, 95% CI 0.68‐1.26; *P *= .621; Figure [2B](#ctm292-fig-0002){ref-type="fig"}).

![Overall survival with immune checkpoint inhibitor versus chemotherapy. A‐D, Individual‐patient level analysis of female patients with PD‐L1 expression \<1%, male patients with PD‐L1 expression \<1%, female patients with PD‐L1 expression ≥1%, and male patients with PD‐L1 expression ≥1%, respectively. We further improved the evidence for patients with PD‐L1 expression ≥1% by pooling the individual patient‐level results with the meta‐analysis in female (E) and male (F) patients grouped by treatment line. HR, hazard ratio; CI, confidence interval; PD‐L1, programmed‐death ligand 1](CTM2-10-e92-g002){#ctm292-fig-0002}

Conversely, among patients with PD‐L1 expression ≥1%, there was no significant difference between the two treatments in female (HR 0.69, 95% CI 0.47‐1.01; *P *= .057; Figure [2C](#ctm292-fig-0002){ref-type="fig"}), whereas the benefit from ICI over chemotherapy was significantly different in male (HR 0.71, 95% CI 0.54‐0.95; *P *= .022; Figure [2D](#ctm292-fig-0002){ref-type="fig"}). Further, we improved the evidence for patients with PD‐L1 expression ≥1% by pooling the individual patient‐level result with the meta‐analysis result of eight other trials, which showed that although female patients showed significant OS benefit from ICI over chemotherapy (eight RCTs, 1602 patients; HR 0.86, 95% CI 0.74‐1.00; *P *= .05), this benefit only remained significant in subsequent line (four RCTs, 850 patients; HR 0.77, 95% CI 0.62‐0.96; *P *= .02), without significant benefits for patients in first‐line setting (four RCTs, 752 patients; HR 0.96, 95% CI 0.81‐1.15; *P *= .67) or in subgroups by regimen and ICI class (Figure [2E](#ctm292-fig-0002){ref-type="fig"}, Figures S5 and S6 and Table S4). Male patients with PD‐L1 expression ≥1% could derive significant OS benefit from ICI over chemotherapy (nine RCTs, 3166 patients; HR 0.76, 95% CI 0.67‐0.85; *P *\< .01; Figure [2F](#ctm292-fig-0002){ref-type="fig"}). This benefit remained significant in both first line (four RCTs, 1393 patients; HR 0.79, 95% CI 0.65‐0.97; *P *= .02) and subsequent line (five RCTs, 1723 patients; HR 0.73, 95% CI 0.62‐0.85; *P *\< .01), and in other tested subgroups (Figure [2F](#ctm292-fig-0002){ref-type="fig"}, Figures S7 and S8 and Table S4). There were no significant differences in effects on OS between subgroups. Similar findings were observed stratified by PD‐L1 expression of 50% (see details in Supporting Information Results 3 and Figures S9 and S10). Finally, central memory T cells (Tcm), rather than tumor mutation burden (TMB) and neoantigen burden (NAB), was found to potentially correlated with the OS differences between the sexes (see details in Supporting Information Results 4; Figures S11‐S24 and Tables S5‐S7).

To our knowledge, this is the first study to reveal that PD‐L1 expression has decisive effect on sex‐associated differences in ICI efficacy. Previous meta‐analyses included patients across varieties of PD‐L1 thresholds, which might explain their inconsistency.[^1^](#ctm292-bib-0001){ref-type="ref"}, [^2^](#ctm292-bib-0002){ref-type="ref"} Previous research indicated that sex differences in mutational landscape might explain ICI efficacy differentially associated with sex,[^6^](#ctm292-bib-0006){ref-type="ref"} but neither TMB nor NAB was significantly differed between male and female at any PD‐L1 expression thresholds in our study. Instead, Tcm probably has potential impact on sex differences in ICI efficacy. However, with only bladder cancer patients from IMvigor210 trial having RNA sequencing data, we were unable to evaluate the role of Tcm in other cancer types. Additionally, multi‐omics have been shown to mutually predict ICI efficacy[^7^](#ctm292-bib-0007){ref-type="ref"}, [^8^](#ctm292-bib-0008){ref-type="ref"}; therefore, future studies are warranted to comprehensively investigate sex difference in immune landscape using multi‐omics across different cancer types.

This study found the survival benefits of ICI in male and female were greatly influenced by PD‐L1 expression, especially in NSCLC. At PD‐L1 expression \<1%, ICI should be recommended for female but not for male, and Tcm might be essential to drive this recommendation. We suggest that sex and PD‐L1 expression should be jointly taken into account in the clinical decision making for ICI in cancer.
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